INTRODUCTION
Inflammatory bowel disease (IBD) is associated with an increased risk of colorectal cancer (CRC). 1, 2 Patients with IBD are 60% more likely to develop CRC than patients without IBD, which has been stable from 1998 to 2010. 3 The prevalence of ulcerative colitis (UC) and Crohn's disease (CD) have increased by 33% and 41%, respectively, from 2001 to 2011, and the authors extrapolate that there may be 1.6 million US residents living with IBD. 4 Although current guidelines recommend increased surveillance for CRC in this population, adherence remains poor. [5] [6] [7] Furthermore, the 5-year survival may be worse in patients with IBD-associated CRC when compared to patients with non-IBD-associated CRC, but the reason has not been identified. 8, 9 It is established that carcinogenesis in IBD-associated CRC differs from sporadic CRC, which might contribute to the distinct response to CRC treatments, such as CRC surgery, in IBD patients. 10 However, there is a dearth of literature on hospital outcomes of IBD patients undergoing surgery for CRC. 11, 12 Thus, we hypothesized that the IBD patients with CRC who undergo surgery for CRC would have more frequent postsurgical complications and longer hospital courses compared to non-IBD patients with CRC.
METHODS
Data sources. Data were extracted from the Healthcare Cost and Utilization Project National Inpatient Sample (NIS) between 2008 and 2012. NIS is the largest all-payer in-patient care database in the United States. The database represents a 20% sample of nonfederal, acute-care hospitals in the United States. The sampling frame includes community and general hospitals and academic medical centers comprising~90% of all-hospital discharges in the United States. Each data entry includes a unique identifier, demographic variables (defined as age, gender, and race/ethnicity), type of admission, source of admission, principal and secondary diagnoses, primary insurance payers, total hospital charges, and length of stay (LOS). The comorbidity burden was stratified based on Elixhauser score o3 and ≥ 3.
Additional data were obtained from the Healthcare Cost and Utilization Project Nationwide Readmissions Database (NRD) for the year 2013. Similar to the NIS, the NRD samples community and general hospitals and academic centers. The NRD accounts for nearly 50% of the population of the United States, and accounts for 49.1% of hospitalizations in the United States.
14 Each data entry contains over 100 variables, including procedures, diagnoses, patient demographics, total hospital charges, length of in-patient stay, and length of time between admissions. 14 The Ohio State Data and Specimen Policy and Human Subjects Research policy does not require Institutional Review Board approval for population-based public data set. 15 Study population and definition of variables. Our study population consisted of all adult discharges aged 19 years or older who underwent CRC surgery from 2008 to 2012. Relevant hospitalizations were selected using appropriate International Classification of Diseases, Ninth Revision, Clinical Modification codes (ICD-9-CM) (Supplementary Appendix 1). The discharges were considered to be IBD with CRC if they met one of the following criteria: (a) principal diagnosis was ulcerative colitis (UC) or Crohn's disease (CD) with a secondary diagnosis of CRC; or (b) a principal diagnosis of CRC and a secondary diagnosis of UC or CD. The controls were CRC patients with no history of either UC or CD. These criteria have been used previously in prior studies. 11, 13 Patients were excluded if they had discharge diagnoses of both UC and CD or were missing demographic information. The additional data from the NRD had the same inclusion and exclusion criteria.
For patients with multiple surgical codes, the patient was classified according to the most complex surgery received. In order from the most complicated to the least complicated, the surgical codes included total colectomy, proctectomy, and partial colectomy. Thus, a patient who underwent total colectomy and proctectomy would have been classified as having undergone total colectomy.
Outcomes. Our outcomes of interest were LOS, total hospital charges, postsurgical complications including deep vein thrombosis (DVT) and postsurgical infection, need for blood transfusion, in-hospital mortality, and 30-day readmission rate.
Statistics. SAS 9.4 (SAS Institute, Cary, NC) was used to perform all analyses, using appropriate survey estimation commands and strata weights. Continuous variables are summarized with means and confidence intervals (CIs) and categorical variables were summarized with frequencies and percentages. Using the NIS data, differences between CRC patients undergoing surgery with and without IBD were analyzed using χ 2 tests or Student's t-tests, as appropriate. Differences between patients readmitted within 30 days and those who were not were analyzed similarly with the NRD data set. Multivariate linear regression was used to evaluate the effect of IBD on LOS and hospital costs and multivariate logistic regression was used to calculate adjusted odds ratios (AOR) and corresponding 95% CIs for in-hospital mortality, incidence of postsurgical complications, requirement of blood transfusion, and all other bivariate outcomes. Each multivariate model adjusted for variables significantly associated with the presence of IBD at a level of P ≤ 0.1 on univariate analysis. Using the NRD data an additional model was fit to assess the predictors of 30-day readmission containing all patient and hospital characteristics (age, gender, race, insurance, income, Elixhauser score, hospital size, type, and region, lymph node positivity, distance metastasis, postoperative complications, surgery type and location, and IBD status).
RESULTS
Univariate analysis of demographic characteristics, hospital features, and comorbidities. During the study period, a total of 397,847 patients undergoing CRC surgery were identified after 82,836 patients were excluded. During the same period of time, 937,698 adult patients had either UC or CD. Of these patients with either UC or CD, 3,242 (0.4%) required hospitalization for CRC surgery. Our study included 3,242 (0.8%) IBD patients with CRC and 394,605 (99.2%) non-IBD patients with CRC. Compared to non-IBD patients with CRC, IBD patients with CRC were more likely to be Caucasian (Po0.001), younger (Po0.001), managed at urban teaching hospitals (Po0.001), have private insurance (Po0.001), live in a higher income zip code area (Po0.001), have fewer comorbidities (P = 0.002), and have lower prevalence of lymph node positivity (P = 0.036) and distant metastasis (P = 0.012) ( Table 1) .
Among the 3,242 IBD patients with CRC, there were 1,340 patients with CD and 1,902 patients with UC. When compared with non-IBD patients with CRC, patients with CD and UC were more likely to be Caucasian, younger, have private insurance, live in a higher income zip code area, and have fewer comorbidities (Table 1) . UC Patients with CRC, but not CD patients with CRC, were less likely to have lymph node positivity (P = 0.037) and distant metastasis (P = 0.029) when compared to non-IBD patients with CRC (Table 1) .
Multivariate analysis of CRC location. The cancer location was different between these groups on multivariate analysis. After adjusting for age; gender; race; insurance; income; Elixhauser score; hospital size, type, and region; lymph node positivity, and distance metastasis, IBD patients CRC were more likely to have rectal cancer than non-IBD patients with CRC (31.4% vs. 23.8%), but the overall most common site for both groups was the right colon (40.4% and 47.1%, respectively) ( Table 2 ). In the subgroup analysis, UC or CD patients with CRC were also more likely to have rectal cancers compared to non-IBD patients with CRC (30.9% and 32.2% vs. 23.8%, respectively) ( Table 2 ). When compared to UC patients with CRC, CD patients with CRC was more likely to occur in the rectum (32.2% vs. 30.9%) and the right colon (47.4% vs. 35.5%) (Supplementary Table 1 ).
Multivariate analysis of CRC surgery type. The surgical type was different between these groups on multivariate analysis. After adjusting for age; gender; race; insurance; income; Elixhauser score; hospital size, type, and region; lymph node positivity, and distant metastasis, IBD patients with CRC were more likely to undergo total colectomy or total proctocolectomy than partial colectomy when compared to non-IBD patients with CRC (AOR 33.84, 95% CI: 27.81, 41.18) (Supplementary Table 2 ). Similarly, in the subgroup analysis, both UC and CD patients with CRC (Table 3 ). However, there was no difference in mortality between cohorts (Table 3) . After adjusting for the above variables and LOS, there was no difference in total hospital charges (Table 3) .
After adjusting for age; gender; race; insurance; income; Elixhauser score; hospital size, type, and region; cancer location; surgery type and location; lymph node positivity; and distant metastasis, IBD patients with CRC undergoing CRC surgery more frequently developed postsurgical complications than non-IBD patients with CRC (AOR 1.26, 95% CI: 1.06, 1.50) ( Table 3) . Among the individual postsurgical complications, DVT (AOR 2.42, 95% CI: 1.36, 4.28) and postsurgical infection (AOR 1.69, 95% CI: 1.20, 2.38) were significantly more likely to occur in IBD patients with CRC (Table 3 ). In the subgroup analysis, CD patients with CRC were more likely to develop postsurgical complication compared to non-IBD patients with CRC (AOR 1.51, 95% CI: 1.17, 1.95) ( (Table 3) . When comparing UC and CD patients with CRC, there was no difference in postsurgical complications, need for blood transfusion, LOS, total hospital charges, or in-hospital mortality (data not shown).
Rates of readmission. After adjusting for age; gender; insurance; income; Elixhauser score; hospital size and type; postoperative complications, cancer location; lymph node positivity; distant metastases; and surgery type and location, IBD patients with CRC undergoing CRC surgery were nearly 1.4 times more likely to be readmitted within 30 days than non-IBD patients with CRC (AOR 1.44, 95% CI: 1.01-2.04) ( Table 4 ). However, in the subgroup analysis, when Patients were classified according to most complex surgery received. Some patients with total colectomy may have also undergone proctectomy.
IBD has worse surgical outcomes in colorectal cancer Ramsey et al. comparing UC and CD patients with CRC to non-IBD patients with CRC, 30-day readmission rates were not significantly different (Table 4) .
DISCUSSION
In our study, IBD patients with CRC who underwent CRC surgery had longer duration of hospitalization and a higher 30-day readmission rate when compared to non-IBD patients with CRC. In addition, IBD patients with CRC were more likely to undergo open surgery and total colectomy or total proctocolectomy. Moreover, IBD patients more likely received blood transfusion and experienced postsurgical complications including DVT and postoperative infection. To our knowledge, this is the first study to use a US in-patient database to evaluate the surgical outcomes of IBD patients with CRC and adds incrementally to the literature on this topic. Despite lower cancer stage, IBD patients with CRC undergo more radical surgery than sporadic CRC, which is likely due to the increased risk of metachronous tumors in patients with IBD and the presence of underlying colonic inflammation that makes partial colectomy and anastomosis unsafe. 11, 12 Therefore, total colectomy and total proctocolectomy are more likely performed for IBD patients with CRC to eliminate the colorectal manifestations of IBD and decrease the risk of subsequent CRC.
The location of cancer is different between IBD and non-IBD patients with CRC. A small study found that IBD-associated CRC is most likely to involve the rectum, followed by right colon. 16 In our study, when compared to non-IBD patients with CRC, more rectal cancer was found in IBD patients, including both UC and CD patients. However, overall, IBD patients with CRC, including UC and CD patients with CRC had the greatest predilection to the right colon, which is similar to a prior study. 17 Further studies are needed to explain this difference.
Similar to a previous study at a single medical center, 12 by using a large nationally representative in-patient database, our study showed that hospital mortality was not significantly different between IBD and non-IBD patients with CRC undergoing CRC surgery. When compared to patients with sporadic CRC or diverticular disease undergoing elective colectomy, IBD patients without CRC were generally healthier, yet had increased health-care resource utilization including longer hospitalization and higher hospital costs. 18 Similarly, we have demonstrated that IBD, specifically CD, was also associated with longer hospital stay following CRC surgery. However, in our study, the hospital cost was not different after adjusting for LOS, indicating that longer LOS might be an important factor driving the increased hospital cost.
When compared to non-IBD patients with CRC, UC, and CD patients with CRC undergoing CRC surgery have increased odds of receiving blood transfusion. However, IBD patients with CRC had similar incidence of postoperative anemia (AOR 1.16, 95% CI: 0.86, 1.56) ( Table 3 ), suggesting that the requirement of transfusion might be partially due to intraoperative blood loss or preexisting anemia in IBD patients with CRC. Anemia is very prevalent among IBD patients and is seen more commonly in active disease and in patients on steroids, thus increasing the risk for presurgical anemia. 19 Additionally, IBD patients with CRC are more likely to require intraoperative blood transfusion than non-IBD patients with CRC, likely due to inflammatory changes. 12 Perioperative blood transfusion has been shown to be associated with postoperative infection and worse hospital outcomes. 20 Therefore, preoperative optimization of anemia; for instance, intravenous iron therapy, may be an avenue to improve outcomes of CRC surgery in IBD patients. 21 IBD, particularly CD, was also associated with increased postsurgical complications, including infection and DVT. IBD is a known independent risk factor for surgical site infection. 22 Additionally, preoperative corticosteroid use, which is common in IBD patients, is also an important risk factor for postoperative infection. 23 Lastly, 75% of complications after CRC surgery are infectious. 24 It is well established that patients with IBD are at greater risk for DVT, particularly in patients who undergo surgery for CRC. 25, 26 Thus, reducing inflammation and minimizing use of corticosteroids before surgery might reduce risk of postoperative infection. In addition, perioperative DVT prophylaxis is critical in IBD patients with CRC who undergo CRC surgery.
IBD patients with CRC undergoing CRC surgery were more likely to be readmitted within 30 days when compared to non-IBD patients with CRC. However, in the subgroup analysis, the 30-day readmission rates of UC or CD patients with CRC were not different than non-IBD patients with CRC, which might be due to small number of patients readmitted in the CD or UC patients with CRC cohorts (56 patients with UC and 100 patients with CD, respectively) (Supplementary Table 4 ). Further study is needed to clarify the indications for the increased readmission rate for IBD patients with CRC after CRC surgery. Our study had several limitations. The accuracy of ICD-9-CM coding could not be verified by chart review, owing to privacy safeguards. However, the Agency for Healthcare Research and Quality has reviewed the NIS and similar databases and found good reliability. 27 In addition, any errors in administrative data would be distributed nondifferentially across all groups. 28 Furthermore, administrative discharge codes have been previously used and validated for outcomes research in a variety of diseases. The ICD-9-CM codes in our study have been used in several previous studies. 29, 30 Also, the IBD patients with CRC in our study included both IBD-related CRC and sporadic CRC in patients with IBD. Due to the large number of patients included in the study, there is a risk of identifying statistically significant findings which are of no clinical significance. We reported ORs and 95% CIs to determine the strength of the correlations and improve interpretation. There are no laboratory values or medication data in the NIS (i.e., unable to determine use of immunomodulators, or postoperative DVT prophylaxis), and no details about disease duration or distribution. There is no longitudinal data following hospital discharge in the NIS database and thus we are unable to comment on postdischarge outcomes or hospital readmissions. To overcome this weakness, we included an NRD analysis in the year of 2013.
Despite the above limitations, our study also has several strengths. The NIS and NRD databases provide a large number of patients with a discharge diagnosis of CRC who have undergone colorectal surgery, which otherwise would not be possible from single or even multicenter study. The benefit of using the NIS and NRD databases is that the results represent the current national in-patient health-care utilization of IBD patients with CRC who undergo CRC surgery.
CONCLUSION
IBD adversely impacts the health-care outcomes of CRC surgery. While prior studies have shown many predisposing factors to explain these suboptimal outcomes, future research should emphasize alleviating modifiable presurgical IBDrelated patient factors to improve short-term postsurgical outcomes.
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WHAT IS NEW HERE
• IBD patients with CRC who undergo CRC surgery have longer LOS than non-IBD patients with CRC.
• IBD patients with CRC who undergo CRC surgery have worse hospital outcomes, including increased odds of receiving blood transfusion and risk of postoperative deep vein thrombosis and infection.
• IBD patients with CRC who undergo CRC surgery are more likely to be readmitted within 30 days of CRC surgery.
TRANSLATIONAL IMPACT
• Further research should focus on modifiable risk factors to improve operative outcomes in IBD patients with CRC.
